Methods
In ACST-1, patients with unilateral or bilateral carotid artery stenosis that was considered to be severe (carotid artery diameter reduction of ≥60% on ultrasound) and no relevant neurological symptoms in the preceding 6 months were randomized to have immediate or deferred CEA.
Patients randomized to immediate surgery were to have this carried out as soon as routinely possible (median delay 1 month, interquartile range, 0.3-2.5), and those allocated as deferred were not to be operated on until they developed appropriate symptoms or unless some other definite indication for surgery had arisen. All were to receive appropriate medical treatment, which generally included antithrombotic, antihypertensive, and latterly, lipid-lowering therapy. The primary end point in ACST-1 was stroke or death within 30 days of carotid surgery or stroke during follow-up. 13 
Design of This Study
To determine the risk of new occlusion, patients with established contralateral internal carotid artery occlusion at baseline (n=276) or the small number of patients with incomplete follow-up (n=137) were excluded ( Figure 1 ). For the 2707 patients in this study, the allocated treatment, perioperative morbidity, any strokes, and the use of medication during follow-up were recorded. Patients were followed up at 4 and 12 months and then yearly from 1993 to 2008, irrespective of any nonfatal strokes. Carotid artery stenosis (generally rounded to the nearest decile) was measured using Duplex Ultrasound and recorded as percentage luminal diameter reduction. Centers participating in ACST-1 were expected to have validated their own methods of measuring carotid artery stenosis, either against angiography or by recognized locally validated criteria, which were usually based on European Carotid Surgery Trial (ESCT) 14 or North American Symptomatic Carotid Endarterectomy 15 methods. There was no central reading of sonographic studies.
Outcome
The primary end point in this study was any new occlusion of the carotid artery. Patients who developed bilateral new occlusions were considered to have reached the end point at the time their first artery occluded. Occlusion was determined by Duplex Ultrasound or angiography and defined as the absence of internal carotid artery flow during regular follow-up or when found in a diagnostic work-up for patients with stroke.
The secondary outcome was the risk of stroke in patients with any new occlusion. All strokes in ACST-1 were classified and recorded by an end point review committee. 13 Strokes were defined as any stroke after randomization, either associated with occurrence of occlusion or at any time during trial follow-up. Where possible, cause, type, laterality, and disability from the stroke were recorded.
Statistical Analysis
Analysis was based on intention-to-treat principle unless otherwise specified. Kaplan-Meier life-table analyses were performed to estimate the risk of new carotid artery occlusion and the risk of stroke in patients with and without occlusion. Univariate and multivariate Cox proportional hazard regression models were used to determine the significance of risk factors for development of occlusion and for stroke. Risk of occlusion was also analyzed by allocated trial treatment. Risk factors evaluated were age at randomization (younger or older than 75), sex, stenosis at randomization of ≥70%, diabetes mellitus (DM), hypertension (patients taking antihypertensive agents or systolic blood pressure >160 mm Hg or diastolic blood pressure >100 mm Hg), and prior known ischemic heart disease. For each of these possible risk factors, the hazard ratio and 95% confidence intervals were determined. Those with P values ≤0.20 were analyzed in a multivariate Cox regression model to identify independent risk factors for developing occlusion and for developing stroke. Significance was inferred at P<0.05.
Results
The study included 2707 patients; there were no differences in baseline characteristics between those allocated to the surgery group and those allocated to medical treatment alone (n=1325 vs n=1382; Table 1 ). Of all included patients, 1350 did not have surgery (n=1274 allocated deferral and n=76 who did not have their assigned CEA; Figure 1 
Progression to Occlusion
In both treatment groups, an occlusion was more likely to occur in arteries that were tightly stenosed (≥70% stenosis) at trial entry. In the immediate group (most of whom had their stenosed artery successfully operated on), 41 of 72 arteries that finally occluded had tight stenosis at randomization. In the deferred group (generally unoperated), occlusion occurred in 104 of 125 previously tightly stenosed arteries ( Table 1) .
Risk of Occlusion
Kaplan-Meier life-table analysis showed that risk of any new occlusion was lower in the immediate CEA group ( Figure 2A ; log rank: P<0.001). In the deferred group, occlusion was more likely to occur in the ipsilateral (unoperated) artery (P<0.001).
A separate per-protocol analysis of all patients who did not have any surgery (n=1350) showed that their chance of developing new occlusion was somewhat higher, at 9.2% (1.4% per year).
Occlusion and Stroke
In this study, 299 of 2707 (11%) patients had a stroke during follow-up. Although most strokes (262 of 299; 87.6%) occurred in patients with tight ipsilateral stenosis, 37 patients with a new occlusion (37 of 197; 18.8%) developed stroke (Table 2) .
Twenty patients (10.2%) developed a stroke with documented occlusion at that time (18 strokes were ipsilateral to the occluded artery, 1 contralateral, and 1 in whom the affected territory could not be identified). Three of the patients who had a symptomatic occlusion had a further stroke during follow-up (mean time between occlusion and second stroke, 26.7 months [±10.7] ). Most of these patients had contralateral stenosis of <50% (12 of 37). More symptomatic occlusions occurred in those who had not had trial surgery (3 vs 17; P=0.04) .
Twenty patients (10.2%) developed a stroke not directly related to the time of occurrence of their occlusion. Three occurred before occlusion, 2 were perioperative nondisabling strokes (1 ipsilateral and 1 contralateral to the finally occluded side), and the third was a disabling stroke ipsilateral to a later occlusion. Nine other strokes during follow-up were ipsilateral to the occluded artery, and 4 were contralateral, 2 in unspecified territory, and 2 affected the posterior circulation. The annual risk of stroke after developing an occlusion was 2.3%. Strokes during follow-up were not clearly related to the severity of contralateral stenosis (contralateral stenosis <50% [8 of 20] ; >70% [6 of 20] ). The cumulative risk of stroke in patients with and without occlusion is shown in Figure 2B . There were significantly more strokes during follow-up in those with occlusion (logrank: P<0.001), particularly in those who had not had trial surgery (log-rank: P=0.007; Figure 2C and 2D).
Bilateral Occlusion
Two men had bilateral occlusion during follow-up; 1 allocated to medical therapy alone, developed an asymptomatic occlusion of the nonrandomized artery, and a few years later, a new ipsilateral occlusion caused stroke.
The other patient underwent allocated trial surgery, but this artery occluded asymptomatically within 2 months, and the contralateral artery occluded ≈5 years later, again without symptoms.
Risk Factor Analysis
Male sex, ≥70% stenosis at randomization, DM, hypertension, and treatment allocation were significantly associated with development of occlusion. Only male sex and deferral of CEA remained significant after multivariate analysis.
From univariate analysis of possible factors associated with development of stroke, age >75 years, DM, prior ischemic heart disease, allocated treatment, and occlusion were positively associated with stroke. All, except prior ischemic heart disease, remained significant after multivariate analysis (Table 3) . A separate intention-to-treat analysis of patients allocated trial surgery showed that age >75 years, DM, and occlusion were significant risk factors for developing stroke. DM and occlusion were risk factors for stroke in patients allocated to deferral of CEA (Table 4) .
Discussion
This is the only large study of patients with carotid stenosis suitable for surgery to analyze long-term risk of occlusion and the risk of stroke in association with a new occlusion.
New occlusion occurred in ≈1% of all the patients each year, but most of them did not have a stroke, either at the time of occlusion or during the 10-year follow-up. The risk of occlusion and of stroke was higher in patients in whom surgery had not been carried out, and overall, stroke-free survival was significantly worse for these patients.
The findings from the ACST-1 trial may be generally representative of patients with severe asymptomatic carotid artery stenosis, having included patients from 126 centers in 30 countries. Large vascular registries may be more reliable,
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June 2013 but these do not usually study populations with large numbers of unoperated patients who have tight carotid stenosis suitable for surgery. [16] [17] [18] Some natural history studies of populations with asymptomatic carotid stenosis have investigated progression of stenosis in the artery contralateral to CEA, but the natural history of severe stenosis is not usually available because so many patients with suitable (≥60% to 70%) stenosis undergo prophylactic endarterectomy leaving only some, who may be less fit for surgery, for long-term follow-up. 7, [19] [20] [21] [22] In 1 natural history study of progression of stenosis in carotid artery disease, Lewis found there was a significantly higher risk of stroke or death (risk ratio, 3.0; 95% confidence interval, 1.3-6.7) once stenosis reached 80% stenosis or more. 23 Ballotta 7 followed up carotid stenosis contralateral to CEA and found that progression from moderate (50% to 69%) to severe (70% to 99%) stenosis was strongly associated with transient ischemic attack or stroke, >80% of the neurological events in this study occurring in this group of patients. However, these studies did not concentrate, as we have, on the specific risk of stroke in patients with occlusion.
Patients with ≥80% carotid artery stenosis in other studies were found to be at higher risk (35%; >2 years) of progression to occlusion compared with patients with lesser stenoses. 3, 19, 24 We also found that patients with ≥70% carotid artery baseline stenosis were more likely to develop occlusion.
Until now, there has been little information about stroke risk in patients with established occlusion. Older studies found that although acute occlusion can cause transient ischemic attack or stroke, once occlusion is established, few further events are recorded, perhaps because of poor follow-up. 4, 8, [25] [26] [27] [28] In our cohort, 17 patients developed an asymptomatic occlusion and had stroke during follow-up. We identified only 3 patients who developed symptomatic occlusion and had recurrent ischemic stroke. In other studies of patients with symptomatic internal carotid artery occlusion, the annual risk of recurrent ischemic stroke is estimated to be 5%. 11, 12 Successful surgical treatment of asymptomatic carotid artery stenosis ≥70% stenosis prevents most of the risk of occlusion. After successful ipsilateral CEA, there was a low (8 of 1325) stroke rate in our patients with new (contralateral) carotid occlusion; other studies had similar findings. 29, 30 Lower stroke risk in those who had unilateral surgery might be explained by improved circulation within the circle of Willis, making subsequent contralateral occlusion less hazardous.
There was a small but important risk of occlusion immediately after surgery, an observation consistent with the literature. 31 Most of these occlusions were asymptomatic and remained so over time. Some patients who had new asymptomatic occlusion and a stroke during follow-up did not always have tight contralateral carotid stenosis. When occlusion occurs, the territory of subsequent strokes is not always predictable, probably because atherosclerotic arterial disease also affects other smaller arteries, not just those in the main cerebrovascular circulation. 32, 33 
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More strokes in ACST-1 occurred from carotid vessels that were tightly stenosed than from arteries with acute or chronic occlusions, and in the trial, some of these patients went on to have another stroke. 5 Patients not disabled by their stroke were sometimes able to have CEA, but when stroke is due to occlusion surgery is not possible. In ACST-1 about half of all strokes were disabling or fatal. Surgery to prevent future stroke therefore had limited value for those few patients with a nondisabling stroke and residual significant stenosis.
Our study shows that when occlusion occurs there is almost a 20% risk of stroke; most of this risk is around the time of occlusion, but a small residual risk is still present during longer term follow-up. So, occlusion is a risk factor for ischaemic stroke; men, who did not have an operation have a higher risk of developing occlusion, and diabetics and patients with established occlusion have a higher risk of future stroke.
In this study, the group developing occlusion was relatively small, but it is much larger than in any previous study. Analysis of adherence to medical management as a possible risk factor for occlusion would be inappropriate for this number of patients because most were on long-term antithrombotic and antihypertensive therapy, and the use of lipid-lowering therapy increased rapidly during the trial.
Conclusion
New carotid occlusions were infrequent in this cohort of asymptomatic patients (≈1% to 2% per year). Long-term follow-up shows that occlusion and stroke were commoner in patients who did not undergo CEA or in whom there was a stenosis of ≥70% stenosis before occlusion. Occlusion is an independent prognostic risk factor for the occurrence of stroke. This analysis improves our understanding of the natural history of operated and unoperated severe carotid artery disease and should enable clinicians to explain more clearly to patients with severe stenosis the future risks of carotid artery occlusion and subsequent stroke.
